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noncocpliances  were  identified.  One  shortcoming,  neutral  stick-fixed  static 
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INTRODUCTION 


BACKGROUND 

1-  The  Airworthiness  and  Flight  Characteristics  (A&FC)  test  of 
the  production  UH-60A,  was  completed  in  September  1981  by  the  US 
A ray  Aviation  Engineering  Flight  Activity  (USAAEFA).  Testing 
during  the  A&FC  ranged  from  priaary  aission  gross  weight  of 
16,260  pounds  (lb)  to  the  maximum  alternate  gross  weight  of 
20,250  lb-  Since  the  completion  of  the  A&FC,  a  aission  has  devel¬ 
oped  requiring  additional  testing  up  to  22,000  lb  and  at  a  center 
of  gravity  (eg)  outside  the  current  envelope  limits-  S.'korsky 
Aircraft  (SA)  Division  of  United  Technologies  conducted  struc¬ 
tural,  dynaaics,  flying  qualities  and  height-velocity  testing  at 
th«-  expanded  gross  weight  and  eg  conditions-  To  evaluate  the 
e  fects  of  the  SA  proposed  envelope,  additional  handling  qualities 
and  performance  testing  was  required.  In  October  1981,  USAAEFA 
was  tasked  by  the  US  Army  Aviation  Research  and  Development 
Command  (ref  1,  app  A)  to  plan,  conduct,  and  report  on  the  handl¬ 
ing  qualities  and  performance  of  the  UII-60A  in  the  proposed 
configurations-  Due  to  the  priorities  of  other  UH-60A  programs, 
this  evaluation  was  not  Degun  until  June  1983- 


TEST  OBJECTIVES 

2-  The  objectives  of  this  evaluation  were  as  follows: 

a-  To  obtain  sufficient  performance  data  in  the  proposed 
expanded  eg  and  gross  weight  envelope  for  inclusion  in  the 
operator’s  manual- 

b-  To  obtain  sufficient  handling  qualities  data  for  inclusion 
in  the  operator’s  manual- 

c-  To  determine  compliance  with  the  applicable  paragraphs  of 
Che  Prime  Item  Development  Specification  (PIDS)  (ref  2,  app  A). 


DESCRIPTI0K 


3-  The  test  helicopter,  UH-60A  US  Army  S/'X  77-22716  is  a  first 
year  production  31ack  Hawk  and  is  a  twin  engine,  single  min 
rotor  helicopter  with  nonretractable  wheel-type  landing  gear 
capable  of  transporting  cargo,  11  combat  troops,  and  weapons 
during  day,  night,  visual  metero logical  conditions,  and  instru¬ 
ment  seterological  conditions  (IKC).  Primary  mission  gross  weight 
is  16,260  lb  and  the  present  maxi -urn  alternate  gross  weight  is 
2C,250  lb-  The  proposed  maximum  gross  weight  Is  increased  to 
22,000  lb  and  the  eg  exploded  aft  as  shown  in  figure  1, 


appendix  B.  The  UH-60A  is  powered  by  two  General  Electric 
T700-GE-700  turboshaft  engines  each  having  an  installed  power 
available  (10  simile  Unit)  of  1551  shaft  horsepower  (Sill*)  (power 
turbine  speed  of  20,900  revolutions  per  ninute  (rpn))  at  sea 
level,  standard-day  static  conditions-  Installed  dual-engine 
power  is  transsission  limited  to  2828  SHP-  The  T700-GE-70Q 
engine  incorporates  a  history  recorder,  automatic  turbine  gas 
teaperature  liniter,  power  turbine  speed  liniter,  gas  generator 
speed  liaiter,  automatic  torque-aatching  capability,  and  various 
diagnostic  sys teas-  The  aircraft  also  has  an  automatic  flight 
coiltrol  systea  (AFCS)  and  a  command  instrucent  systes.  The  test 
aircraft  incorporated  prototype  airspeed  and  stabilator  codifica¬ 
tions  developed  during  USAAEFA  Project  No-  82—09  (ref  3,  app  A) 
to  improve  the  UH-60A  airspeed  systea-  A  core  detailed  description 
of  the  UH-60A  is  included  in  appendix  3  and  additional  descrip¬ 
tions  can  be  found  in  the  operator’s  aanual  (ref  4). 


l  c.ST  SCOPE 


4.  All  flight  testing  was  conducted  at  Edwards  Air  Force  Base, 
California  (2302  feet)-  A  total  of  38  flights  were  conducted 
between  S  June  and  22  Noveaber  1983  for  a  total  of  60.0  flight 
hoars  of  which  38-5  were  productive-  USAAEFA  calibrated  and 
aaintained  all  the  test  instrunentation  and  performed  all  required 
maintenance  on  the  helicopter-  Flight  restrictions  and  operating 
limitations  observed  during  the  evaluation  are  contained  in  the 
operator's  manual  (ref  4,  app  A)  and  the  airworthiness  release 
(ref  5)-  Testing  was  conducted  in  accordance  with  the  test  plan 
(ref  6)  at  the  conditions  shown  in  table  1 - 


TEST  METHODOLOGY 

5.  A  detailed  listing  of  tne  test  Instrument  at  I. «  is  contained 
in  appendix  C-  Established  flight  test  techniques  and  data 
reduction  procedures  were  used  (refs  7  and  8,  app  A)  and  are 
described  in  appendix  D-  level  flight  performance  results  from 
USAAEFA  Project  No-  83-24  (ref  9)  were  used  to  augment  test  data  - 
A  Handling  Qualities  Sating  Tcale  (HQSS)  (fig-  1,  app  D)  was 
use!  to  augment  pilot  concents  relative  to  aircraft  handling 
qualities-  The  flight  test  data  were  obtained  froa  test  instru¬ 
mentation  displayed  on  the  instrument  panel  and  recorded  by 
onboard  magnetic  tape  recording  equipment-  Seal  t=ce  teleoeiry 
monitoring  ~.f  selected  data  parameters  was  used  during  certain 
tests- 


Table  1.  Test  Conditions^- 


! 

S 

Average 

Longitudinal 

Average 

| 

Average 

Center  of 

Density 

Gross  Weight 

Gravity 

Altitude 

Trim  Airspeed 

*  Type 

db) 

(FS> 

(ft) 

(knots) 

j 

14,470  to  21, 

690 

347.1 

6610  to  13,840 

51  to 

1603 

•  Level  Flight 

18,790  to  21, 

620 

360.1 

9430  to  11,420 

52  to 

1583 

J  Performance^ 

16,500 

366.7 

6793  to  13,210 

50  to 

1643 

1 

? 

21,500 

j  »a 

4400  to  9600 

75,  90,  117,  14(j3 

J  Control  Positions 

15,920  and  21 

,660 

347.2 

8920  arid  11,500 

35  to  134* 

r  in  Trimmed 

21,260 

360-1 

9460 

45  to 

ao* 

|  Forward  Flight 

16,480 

364.9 

10,220 

45  to  139* 

I 

i  Static  Longitudinal 

21,700 

360.5 

6000 

77  and 

109s 

j  Stability 

16,660 

365.1 

6500 

SO  and 

144* 

:  i 

|  Static  Lateral-  |  21,700 

jDirectioaal  Stability j  16,800 

360.3 

6000 

80  and 

121* 

355.7 

6500 

60  and 

141* 

| 

j  Maneuvering 

21,100 

360-4 

6600 

77  and 

107* 

Stability 

16,650 

365-3 

6900 

77  and 

141* 

*  , 

!  Dynamic  Stability 

16,600 

363.8 

2100  and  6300 

0.  80, 

142* 

'  and  Controllability 

* 

21.6G0 

360.3 

6000 

77  and 

110* 

I 

j  Lew  Speed  Flight 

15,900 

363.6 

2100 

0 

© 

353 

|  System  Failures 

16.250 

365.5 

6700 

75  and 

142* 

: 

16,200 

! 

347.1 

j 

13,860 

43  to 

125* 

16,560 

365-4 

13,220 

44  to 

149* 

Vibrations 

21,380 

347.1 

6620 

46  to 

120* 

1 

21,330 

350.2 

9380 

1 

_  .  ... 

45  to 

109* 

NOTES: 


‘Tests  conducted  is  the  normal  utility  cosf iguratioc,  approximate  mid  lateral  center  of  gravity, 
automatic  flight  cautrol  system  OS,  aud  100  percent  sain  rotor  speed.  The  pitch  bias  actuator 
was  locked  and  centered  for  handling  qualities  conducted  at  heavy  weight. 

^Tests  conducted  at  a  referred  rotor  speed  of  25S  rpc. 

-*Knots  true  airspeed. 


RESULTS  AND  DISCUSSION 


GENERAL 

6.  Tests  were  conducted  on  the  UH-60A  helicopter  to  evaluate 
perforaance  and  handling  qualities  at  the  limits  of  the  expanded 
gross  weight  and  eg  envelope.  Equivalent  flat  plate  area  (Fe)  was 
minimum  with  the  eg  at  a  fuselage  station  (FS)  of  approximately 
360  and  increased  at  FS  347  and  366.  One  deficiency,  three 
shortcomings,  and  three  PIDS  noncompliances  were  identified.  One 
shortcoming,  neutral  stick-fixed  static  longitudinal  stability 
in  intermediate  rated  power  (IRP)  climb,  was  associated  with 
envelope  expansion.  Except  for  the  shortcoming  pertaining  to 
neutral  static  longitudinal  stability,  the  handling  qualities 
were  essentially  unchanged  from  those  previously  reported.  The 
4-per-rotor-revolution  (4/rev)  vibration  characteristics,  pre¬ 
viously  identified  as  a  shortcoming,  generally  were  unaffected 
by  increasing  gross  weight  but  were  aggravated  by  moving  the 
longitudinal  eg  further  aft. 


LEVEL  FLIGHT  PERFORMANCE 

7.  Level  flight  perforaance  tests  were  conducted  at  the  condi¬ 
tions  in  table  1  to  determine  power  required  for  airspeeds, 
altitudes  and  gross  weights  at  the  limits  of  the  expanded  eg 
envelope.  The  data  were  obtained  in  bell-centered  flight  and 
corrected  for  estimated  drag  of  external  test  instrumentation 
and  instrumentation  electrical  load. 

8.  Nondimensional  test  results  are  presented  in  figures  \ 
through  3,  appendix  E.  The  curves  on  these  figures  were  obtained 
by  converting  the  nondisensionai  test  results  of  the  sixth  year 
production  aircraft  presented  in  USAAEFA  Report  £o.  83-24  (ref  9, 
app  A)  to  t*»“  first  year  production  aircraft  utilized  daring 
th5s  evaluation.  Change  in  ?e  (AF„)  of  five  square  feet  iff1) 
was  subtracted.  This  value  of  AFe  was  previously  determined  to 
be  valid  at  the  referred  rotor  speed  (No/»'6)  used  in  these 
tests.  This  difference  is  summarized  as: 


1st  yr  p^od  A/C  =  6th  year  prod  A/C  -  ESSS  fairings  12.5  ir~'; 

-  S-l 30  L  AS/aLQ-I44(V}  brackets  (i.5  ft-) 

-  external  drag  differences  (l  ft--} 

Oicensional  level  flight  test  results  are  presented  in  figures  4 
through  15,  appendix  E.  Test  data  at  an  average  eg  of  FS  >60.1 
indicate  a  decrease  in  power  required  when  compared  to  the  non 
dimensional  family  of  curves  at  an  average  eg  or  FS  34/. 1.  Tgic 
difference  in  power  required  equates  to  a  i?c  of  2  ft1  ana 
substantiates  the  test  results  presented  m  US AAr FA  Report 


No.  77-17  (ref  10,  app  A)  for  a  similar  change  in  eg.  The  decrease 
in  A?e  of  2  ft~  allows  reduction  in  power  required  of  55  SHP 
and  still  maintain  cruise  speed  at  145  knots  true  a'rspeed  (XTAS) 
(fig.  10,  app  E).  Test  data  at  an  average  eg  of  FS  i66.7  indicate 
no  change  in  power  required  when  compared  to  the  nondiraensional 
curves  at  a  FS  of  347.1.  Therefore,  Fe  was  minimal  at  a  FS  of 
approximately  360  and  increased  at  FS  347.1  and  366.7.  Inherent 
sideslip  (figs.  16  and  17)  represents  the  resultant  angle  of 
sideslip  associated  with  ball-centered  level  flight  and  was 
developed  using  level  flight  performance  data  presented  in  this 
report  (figs.  18  and  19)  and  in  USAAEFA  Report  No.  83-24.  The 
inherent  sideslip  family  of  curves  was  used  as  the  basis  for 
correction  in  determining  ball-centered  flight  as  described  in 
appendix  D. 

9.  Tests  were  conducted  during  this  evaluation  and  during  USAAEFA 
Project  No.  83-24  to  ascertain  the  relationship  of  AFe  with 
sideslip.  The  data  are  presented  in  figure  20,  appendix  E.  Drag 
changes  from  zero  sideslip  are  independent  of  airspeed  but  vary 
with  Op.  The  data  indicate  that  minimum  Fe  occurs  between  4.5 
and  7  degrees  left  sideslip  depending  on  Cy.  Coordinated  level 
flight,  however,  results  in  a  maximum  left  sideslip  of  approxi¬ 
mately  1  degree. 


HANDLING  QUALITIES 


Control  Positions  in  Trimmed  Forward  Flight 


10.  Control  positions  in  trixszed  bail-centered  forward  flight 
were  obtained  in  conjunction  with  level  flight  performance  testing 
at  the  conditions  in  table  1.  Selected  results  are  presented  in 
figures  21  and  22,  appendix  E. 

11.  The  variation  of  longitudinal  control  position  with  airspeed 
during  triEsed  level  flight  generally  required  increasing  forward 
cyclic  control  with  increasing  airspeed.  At  airspeeds  below 
6G  knots  calibrated  airspeed  (XCAS)  the  variation  was  neutral  to 
slightly  negative  (aft  cyclic  required  with  increasing  airspeed), 
but  not  objectionable.  Maximum  longitudinal  trim  variation  was 
nearly  two  inches  over  the  entire  airspeed  range.  At  both  heavy 
and  light  gross  weight,  maximum  changes  in  longitudinal  control 
position  (1—1/2  inches),  lateral  control  position  (5/2  inch),  and 
pitch  at  itude  (4  degrees)  were  minimal  for  a  large  eg  shift  (13 
to  IS  inches).  Control  positions  (except  collective)  were  mostly 
unaffected  by  changes  in  gross  weight.  Directional  and  lateral 
control  positions  were  essentially  unaffected  by  changes  in  eg 
and  gross  weight.  The  gradient  of  directional  control  position 
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with  airspeed  was  moderately  steep  fron  40  to  80  KCAS  (approxi¬ 
mately  0.035  inches/knot).  Above  80  KCAS  the  gradient  was 
shallow  and  saxiaun  directional  trio  variation  was  less  than 
1/4  inch.  Adequate  control  nargins  existed  in  all  control  axes 
in  triaaed  forward  flight.  Trin  pitch  attitude  reaained  nearly 
constant  fron  40  to  80  KCAS  and  then  decreased  linearly  approxi¬ 
mately  0.05  degree/knot  above  8C  KCAS-  Pitch  attitude  changes 
with  airspeed  were  unncticeable  to  the  pilot-  The  control  posi¬ 
tions  in  forward  flight  are  satisfactory. 

12-  During  the  control  position  and  level  flight  performance 
evaluations,  the  yaw  tries  would  randoaly  drive  the  right  pedal 
forward  significantly  increasing  the  pilot  workload  to  maintain 
tricsfcd  flight.  This  problem  is  not  unique  to  this  aircraft 
(USA  S /it  77—22716)  but  was  noted  on  other  UH-60A  aircraft  includ¬ 
ing  a  sixth  year  production  version  (USA  S/N  82-23748).  During 
IMC  this  unconaanded  directional  control  input  in  tr issued  flight 
will  require  frequent,  large  (approximately  1/2  inch)  pedal 
inputs  naking  precise  heading  control  (j3  degrees)  unattainable 
(HQRS  7)  and  is  a  deficiency  which  was  previously  reported  (Pre¬ 
liminary  Airworthiness  Evaluation  III,  April  1979  (ref  11,  app  A), 
A&FC  September  1981  (ref  10);  and  External  Stores  Support  Systen 
A&FC,  December  1983  (ref  12)). 

Static  Longitudinal  Stability 

13.  Static  longitudinal  stability  was  evaluated  at  the  conditions 
shown  in  table  1-  The  helicopter  was  stabilized  in  ball-centered 
flight  at  the  desired  tris  airspeed  and  flight  condition-  With 
the  collective  control  held  fixed  and  rotor  speed  maintained 
constant,  tl*e  helicopter  was  stabilized  at  incremental  airspeeds 
about  trin.  Test  results  are  presented  in  figures  23  through  26, 
appendix  E. 

Level  and  Descending  Plight: 

14.  Static  longitudinal  stick-fixed  stability,  as  indicated  by 
the  variation  of  longitudinal  cyclic  control  position  with 
airspeed,  was  positive  (aft  longitudinal  control  displacement  at 
airspeeds  slower  than  trim)  except  at  144  KCAS  in  level  flight  at 
light  weight/aft  eg.  The  gradient  of  control  displacement  versus 
airspeed  was  steepest  near  the  trin  point  and  generally  became 
shallow  or  neutral  at  airspeeds  greater  than  10  knots  from  trim. 
Qualitatively,  the  pilot  had  adequate  control  force  cues  of 
airspeed  changes  aDout  tris.  The  aaxisua  variation  of  lateral 
cyclic  and  directional  pedal  control  position  from  trim  was 
approximately  3/4  inch,  but  was  not  objectionable  to  the  pilot- 
Fitch  attitude  reaained  essentially  constant  except  in  level 


flight  at  light  weight/aft  eg  (tries  airspeed  144  KCAS)  where  the 
pitch  attitude  decreased  with  increasing  airspeed.  The  pilot 
was  able  to  maintain  airspeed  within  +2  knots  with  minimal 
effort  (HQRS  2).  The  static  longitudinal  stability  at  144  KCAS 
in  level  flight  at  light  veight/af t  eg  failed  to  meet  the  require- 
cent  of  paragraph  10.3.3.1.3  of  the  PIDS.  However,  the  static 
longitudinal  stability  in  level  flight  and  1000  foot  per  minute 
(fpn)  descents  within  10  knots  of  trin  is  satisfactory. 

Intermediate  Rated  Power  Climb: 

15.  Static  longitudinal  stability  was  neutral  in  ISP  climbs  at 
81  KCAS  at  light  weight/aft  eg  with  the  pitch  bias  actuator  (P3A) 
operational  (fig-  25).  However,  at  heavy  gross  weight  (21,480  lb) 
with  the  PSA  centered  and  locked,  the  static  longitudinal  stick- 
fixed  stability  va?  positive  (fig.  26).  Force  cues  were  minimal 
at  both  loadings.  Due  to  collective  bias,  stabilator  programming 
was  noticeably  different  between  the  two  gross  weights  in  that 
at  heavy  weight/aft  eg  the  stabilator  programmed  about  10  deg 
core  trailing  edge  (TE)  down  than  at  light  veight/af t  eg  as 
airspeed  was  decreased  below  trim.  Airspeed  was  easier  to  main¬ 
tain  at  heavy  weight  (HQRS  3)  than  at  light  weight.  At  light 
weight  (16,600  lb),  airspeed  was  moderately  difficult  tc  maintain 
(+5  knots)  in  that  continuous  longitudinal  cyclic  control  inputs 
(+1/4  inch  every  5  seconds)  ware  required  (HQRS  4).  The  lack  of 
force  and  position  cues  with  variation  in  airspeed  about  trim 
will  increase  pilot  workload  in  IMC.  The  neutral  stick-fixed 
static  longitudinal  stability  at  light  weight/aft  eg  in  IR?  climb 
is  a  shortcoming.  The  aircraft  failed  the  positive  stability 
requirements  of  para  10.3.3.1.3  of  the  PIDS  in  that  at  light 
weight/aft  eg  the  longitudinal  static  stability  in  the  IR?  climb 
condition  vas  neutral - 


STATIC  LATERAL-DI RECTOS AL  STABILITY 

16-  Static  lateral-directional  stability  characteristics  were 
evaluated  at  the  conditions  and  configurations  indicated  In 
table  1-  Tests  were  conducted  by  trimming  the  aircraft  in  ball- 
centered  flight  at  the  desired  conditions.  With  the  collectiv- 
fixed,  the  aircraft  was  then  stabilized  at  incremental  sideslip 
angles  up  to  limit  sideslip  on  both  sides  of  trim  while  maintaining 
a  steady  heading  at  the  trim  airspeed.  Test  results  are  presented 
in  figures  27  through  30,  appendix  E- 

17.  Static  directional  stability,  as  indicated  by  the  variation 
of  directional  control  position  with  sideslip,  vas  positive 
(increasing  left  directional  control  with  increasing  right 


sideslip)  at  all  test  conditions  and  configurations.  The 
directional  control  variation  with  sideslip  was  essentially 
linear;  however,  the  average  directional  control  gradient  was 
shallower  during  descents  than  during  climbs  (0.05  versus 
0-07  inches/degree).  The  directional  stability  characteristics 
of  the  UH-60A  met  the  requirements  of  the  PIDS  (para  10.3.4.1.7) 
and  are  satisfactory. 

18-  Dihedral  effect,  as  indicated  by  the  variation  of  lateral 
control  position  with  sideslip  was  positive  (increasing  right 
cyclic  control  with  increasing  right  sideslip)  and  essentially 
linear  for  all  test  conditions  and  configuration^-  The  gradient 
of  lateral  cyclic  control  position  versus  sideslip  was  steeper 
at  high  speeds  (121  and  141  KCAS)  tnan  at  the  other  conditions, 
hut  was  not  objectionable-  There  were  no  discoatinuties  in 
force  or  position  cues  and  good  out-of-tria  cues  were  present. 
The  dihedral  effect  of  the  UH-60A  set  the  requirements  of  the 
PIDS  (para  10.3.4.1.7)  and  is  satisfactory. 

19-  Sideforce  characteristics,  as  indicated  by  the  variation  in 
hank  angle  with  sidelip,  were  weak  hut  positive  (increasing  right 
hank  angle  with  increasing  right  sideslip)  for  all  low  speed  (76 
to  83  KCAS)  conditions  and  configurations  tested.  Because  of 
the  control  position  and  force  cues,  the  reduced  sideforce  cues 
did  not  significantly  increase  the  pilot  workload.  As  airspeed  was 
increased  to  121  and  141  KCAS,  the  sideforce  cues  increased-  The 
sideforce  cues,  though  weak  at  low  airspeeds,  were  satisfactory 
and  meet  the  requirements  of  paragraph  10. 3-4. 1.7  of  the  PID5- 

20-  A  pitcb-due-to-sidfcslip  coupling  was  evident  in  all  conditions 
and  configurations.  In  all  conditions,  except  high  speed 
(141  KCAS),  the  longitudinal  cyclic  position  versus  sideslip 
trend  was  essentially  the  sane  (increasing  forward  longitudinal 
cyclic  control  with  increasing  right  sideslip).  In  high  speed 
flight,  this  trend  reversed  itself  (increasing  aft  longitudinal 
cyclic  control  with  increased  right  sideslip),  hut  was  not  noted 
by  the  pilots  during  flight.  The  pitch-due-ttr-sideslip  coupling 
was  not  objectionable. 


21.  The  U1I-60A  exhibited  inherent  sideslip  angles  of  approximately 
5  degrees  r;ght  during  ball-centered  IR?  ciiabs  and  approximately 
5  degrees  left  during  ball-centered  1000  fpa  descents.  In  level 
flight  at  all  airspeeds  above  90  KTAS,  the  inherent  sideslip 
angle  varied  from  1  degree  left  to  2  degrees  right  sideslip 
depending  upon  C-j-- 


m 


Maneuvering  Stability 

22-  Maneuvering  stability  was  evaluated  for  tvc  aircraft  config¬ 
urations,  lightweight/aft  eg  and  heavyweight/aft  eg  at  *h<» 
conditions  presented  in  table  1-  The  maneuvering  s-ab. lie/ 
tests  were  accomplished  by  initially  stabilirii-g  e^e  helicopter 
in  ball-centered  level  flight  at  the  tria  airspeed  t*=d 
incrementally  increasing  the  load  factor  by  increasing  the  rank 
angles  in  left  and  right  turns-  Constant  collective  cfr.r.131. 
position  was  maintained  in  the  maneuvers  and  t^e  pllcc  nct«c?ptea 
to  maintain  a  constant  airspeed.  Test  results  are  presented  i  . 
figures  31  and  32,  appendix  E- 

21-  The  stick- fixed  caneuvering  stability,  a;  indicated  ay  tke 
variation  of  longitudinal  control  position  wit!  eocrai  accelera¬ 
tion  (g),  in  the  lightweight  configuration  wan  positive  (ircteis-- 
ing  aft  cyclic  control  with  increasing  g)  u;  £0  1-6  g  a*  7/  KCAS 
and  essentially  neutral  for  all  g  levels  at  1*1  KCAS  (approximate 
maximum  airspeed  in  level  flight).  Between  1-6  and  lb  g's  an 
11  KCAS  the  stick-fixed  maneuvering  stability  was  neutral  {r.o 
change  in  longitudinal  control  position  vim  increasing  g). 
Curing  left  turns  at  both  trim  airspeeds,  there  us  ?  lii»e*«r 
requirement  for  more  left  cyclic  conti cl  as  the  g  levels  rare 
increased.  In  right  turns  the  lateral  control  politico  wa-  essen¬ 
tially  constant  up  to  1-6  g*s.  At  g  levels  above  1-6  £-r  both 
airspeeds  in  right  turns,  the  requirement  for  right  eye? ic 
control  increased  dramatically  (approximately  2-5  Inchcs/g)  aid 
as  a  result  pilot  induced  oscillations  increase?  signi fbcantly- 

24.  The  heavyweight  configuration  at  77  KCAS  exhibited  iongitvoxir- 
al  control  characteristics  similar  to  t  le  lightweight  configur¬ 
ation  except  that  the  stick-fixed  maneuvering  stability  became 
negative  (increasing  forward  longitudinal  cyclic  ccstrol  with 
increasing  g)  at  1-4  g’s-  At  107  KCAS  (approximate  never- excvec 
airspeed  sinus  10  knots),  the  stick-fixed  maneuvering  stability 
was  essentially  neutral  during  left  turns  and  slightly  positive 
during  right  turns  up  to  the  maxi  nun  g  level  rested  (1.7gl.  Ts. 
left  turns  at  both  trim  airspeeds,  the  lateral  r.cltc  control 
characteristics  were  unchanged  f rot-  those  seen  in  th :  lightweight 
configuration.  During  right  turns  the  lateral  cyclic  control 
reversal  occurred  at  approximately  1.4  r1 s  ana  the  control  gradi¬ 
ent  at  107  KCAS  increased  to  5  inches/g. 

25.  The  tine  histories  presented  in  figures  33  through  35, 
appendix  E  are  representative  of  the  maneuvering  stabi’ity  tests 
performed  during  this  evaluation.  At  bank  angles  less  than 
40  degrees  (fig-  33),  the  pilot  was  able  :c  ma s mrcin  precise 
airspeeds  (+1  knot)  and  bank  angles  {^1  degree)  with  litiisvl 


pilot  compensation  (KQAS  3).  A'.  o;ak  rabies  were  increased  above 

40  •’•prees,  pi‘oi  vorkleari  'ncri."cd  significantly.  Airspeed  could 
only  be  maintained  with*.;:  5  knots,  bank  an^ 1  e  vitiii.i  4  degrees, 
an.*  p'.tr1:  artitv.de  within  5  ..•■irecs  at  both  t.'in  airspeeds  during 
re‘.'nt i or.  cf  the  csamvsi  mg  stability  r**sts  (figs.  34  and  34). 
The  -s:.y.it&d:x&:  cycJL’c  coatroi  ro*  :e  aew^t  bera.se  a  push  force, 
hov~ver ,  the  reduction  <-f  the  puli  forc2  was  y;s ceivabie  and 
Jbe  reducei  coatrol  force  uses  degraded  the  UH-f ‘b-.:s  fiviag 
qualities;.  isan£t:veriag  rtabiiity  charaete' iscics  at  lord  factors 
above  1-4  will  !>ecose  rvors  sigaificaa*  *siih  ih?  advent  of  helicop¬ 
ter  air- to~air  aissions  and  various  evasive  aa.vr’ers.  Effective¬ 
ness  of  the  UR-60/,  to  perform  these  aiss.ons  will  be  i:aite»i  e 
to  the  degraded  .•maneuvering  stability  '■haractari.r^cs  abeve 
1.4  g's.  The  Maneuvering  s? ability  o-'  the  UH-60A  fa:  zed  to  meet 
the  requi resent"  of  jaragrapis  13.3.3.1.4  ?ac  !0.3.3.*.4.1  cf  Lhe 
PIUS  in  rhat  ■;!■■;  l'd-14*.  does  not  exhibit  positive  trick—  fixed 
or  stick-^rre  maneuvering  s^aDLiity  in  stead'*  timing  ."light. 

Oyaanic  Stability 

26.  Short  a.  A  i*v.g-£erii  dynamic  staoiii ry  -.-as  evaluated  av 
the  conditions  listed  in  table  I.  The  rhor*-tera  res-joase  mas 
sisabrid  in  all  ccntr-jl  as«  by  sacing  single-axis,  1  itch  pu-se 
Inputs  idi'di  were  held  (or  jpprt-i^at<*Iv  0.5  .second,  .uni  5>y 
releases  fro3  sraady  fceadi.-g  sid-siips  during  static  lateral- 
cirectieaai  tests.  Tnc  longitudinal  long-terc  response  was 
qua* it&f  Iveiy  evaluated  during  Jthar  tvrsts  a:a  In  reteorologi-rr! 
conditions  ranging  frrt  caio  to  a&derats  tsrbi lencc  as  defined 
in  the  Flight  i  nf  omac  ion  Handbook  (r^-f  13,  app  A). 

27.  The  short- term  response  of  the  aircra**  with  VCS  ft,’  was 
•«e?v*ly  darsp.'d,  Cs  ihewn  in  !  'gures  36  through  3C,  vpsrndis  I— 
Single  axis  disturbances  in  ^ii  axes  were  danped  to  ore-half 
ac?litue>  within  me  cycle.  T.r*  pi  !:.t  was  able  -,o  correc'  for 
attitude  •'.ist'irban'es  in  levo-l  flight  anc  in  hover  with  canine i 
control  inpT-is  {if)S5  2>.  The  mhorj-ters  rei«asc  with  AFCS  fir" 
set  the  requi  .erbeot  of  tne  ?TD5  and  ’s  satisr^ctory. 

2fr.  T2te  long-rerss  resoonsc  wit-  AFCS  OS  was  not  excited  bv  n or&l 
si.-v  isr.  ?sae./ers  nr  turbu.ent  flight  con<f  iz~  -~ns .  TIte  aircraft 
maintained  attitude  (+2  dcgl.  head i ng  (v2  da'),  nnC  airspeeo 
{+2  kncr-J  during  "l.ands  orf“  flight  for  extended  peri—ds  of 
tine  '«wr  5  minute)  i r  light  to  socerato  turbulence,  other  than 
normal  transient  altitude  f  luit-jatior.s,  attitude  and  airspeed  in 
c'isisc  t  iigbr  rwouired  ainigsl  •«  no  pilot  control  inputs 
OiQRS  2).  The  ’ong-tem  respwiw  vita  AFC5.  OS  set  the  ret-ci  rfw*at 
of  the  FID?  an.-?  is  satlsfa«_t-rv. 

2-“.  lateral-di recr ic.iai  nscii:s:orv  r~?y>nsis  were  bifriy  damped 
during  r_iea%<s  iron  steadv-headi.aj  <>desl»ps  ts  indicated  in 


figure  39,  appendix  E.  Flight  in  li£hL  to  sodsrate  turbulence  also 
exhibited  a  damped  lateral-directional  response  which  inquired 
no  pilot  compensation.  Tb3  l-'leral-directional  gust  response 
with  AFCS  ON  aet  the  requirement  of  the  HUS  and  Is-  satisfactory. 

30.  Acvarse/prov.?rse  yaw  was  imperceptible  to  the  pilot  duiing 
rapid  cyclic  only  turns.  No  directional  pedal  input  was  required 
to  bank  the  helicopter  into  a  turn.  The  adverse/proverse  yaw 
characteristics  net  the  requirements  of  the  f*WS  ( paras  10. 3.4. 1.8 
and  10.3.4.1.9)  and  are  satisfactory. 

Controllability 

31.  Controllability  test*,  werd  conducted  in  hover  and  forward 
flight  a.  light  and  heavy  gross  weights  at  an  aft  eg  at  the 
conditions  listed  in  table  i.  Controllability  was  Measured  as  n 
futeticn  of  aircraft  attitude  d'splaceraent  in  a  given  tine 
(control  power),  angular  rate  (control  response),  and  angular 
acceleration  (control  sensitivity)  about  ea  h  aircraft  axis 
following  a  control  input  (step)  of  a  measured  size.  Following 
the  Jnput,  an  atteapt  was  made  to  hold  controls  fixed  until  a 
aax'tsua  rate  was  established  or  until  recovery  was  necessary. 
The  magnitude  of  the  inputs  was  varied  by  using  an  adjustable 
rigid  control  fixture. 

32.  Longitudinal  controllability  characteristics  are  presented  in 
figures  40  through  42,  appendix  E  and  in  table  2.  Representative 
time  histories  of  step  inputs  are  presented  in  figures  43  through 
45.  The  magnitude  of  control  power  and  control  response  did  not 
change  aooreciahly  with  change  i.i  airspeed,  gross  weight,  or 
direction  of  input.  Control  sensitivity  increased  with  increased 
ai  “speed,  especially  above  approximately  £0  KCAS.  At  heavyweight 
in  forward  flight,  the  Stability  Augmentation  System  (SAS)  became 
saturated  niter  inputs  of  greater  than  one  inch  in  either  direc¬ 
tion  resulting  m  an  increase  in  pitch  race  during  the  maneuver 
(figs.  44  and  45).  However,  tre  increased  pitch  rate  was  not 
:-orit eab.e  st  objectionable  to  the  pilot  unless  the  input  was 
geld  for  several  seconds.  This  effect  was  Sot  observed  at  light 
gross  weight-  Control  coupling  was  imperceptible  in  the  iongitu- 
dinai  axis.  C-iick  and  precise  attitude  adjustments  required  m 
high  speed  law  level  flight  were  easily  accomplished  by  the  pilot. 
The  longitudinal  control iabi iity  set  the  linearity  requirements 
of  paragraph  10.3.3.4.1  of  the  ?IDS  and  is  satisfactory. 

33.  Lateral  control lobijity  characteristics  are  presented  in 
figures  46  through  4S,  appendix  E  and  in  table  3.  Representative 
time  histories  arc  presented  in  figures  49  and  50.  Control  power 
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control  response  generated  from  left  inputs  wen-  independent 
of  changes  in  airspeed  and  gross  .eight.  Right  inputs  resulted 
in  equal  or  loser  magnitudes  of  control  power,  response,  and 
sensitivity  when  compared  to  left  inputs  except  at  lightweight 
(16,600  ib)  and  high  airspeed  (141  KCAS).  There  was  no  perceptible 
yaw  or  pitch  coup Ling  with  lateral  inputs.  Time  histories  of 
Lateral  step  inputs  depict  roll  rate  peaking  in  less  than 
1/2  second  and  then  decreasing  in  aagnitude  about  >0  percent 
approximately  2  seconds  after  achieving  saxinua  roll  rate 
(figs.  49  and  50).  This  decrease  in  roil  rate  was  not  objection¬ 
able  to  the  pilot.  Precise  bank  angles  (+2  deg)  could  be  quickly 
cossaneec  during  ail  phases  of  maneuvering  f light  with  no  tenden¬ 
cies  to  overccntroi  (HC-S5  3).  Noted  as  a  short  cosing  in  USAAEFA 
Report  So.  77-17  (ref  iG,  app  A),  lateral  controllability  charac¬ 
teristics  set  the  requirements  of  paragraphs  10.3.4.2.5  and 
10. 3. 4. 2./  of  the  PI03  and  were  considered  satisfactory  during 
this  evaluation. 

34.  Directional  controllability  is  presented  in  figures  51  through 
>3,  appendix  E  and  in  table  4.  Representative  tine  histories  of 
directional  step  inputs  are  presented  in  figures  54  and  55. 
Cent; oi  power  decreased  slightly  with  increased  airspeed.  The 
variation  in  tne  magnitude  of  control  response  was  similar  to 
chat  of  control  power  except  that  at  a  hover  naxinua  yaw  rate  was 
not  achieved  before  recovery.  Control  sensitivity  varied  with 
direction  of  input  at  a  hover  but  was  independent  of  direction, 
airspesd,  and  gross  weight  in  forward  flight.  Most  all  directional 
controllability  was  affected  by  an  unintentional  lateral  control 
input  varying  froa  1/4  to  3/4  inch  within  1/2  second  of  the 

directional  input.  This  characteristic  has  been  documented  in 
three  Black  Hawks  (prototype,  first  and  sixth  year  production)  and 
attempts  to  negate  this  input  were  unsuccessful.  In  hover  and 
rorward  flight  at  approximately  BG  EGAS  at  heavy  and  light  gross 
weights,  the  unwanted  lateral  input  was  to  the  right  for  ail 

directional  inputs.  At  the  higher  airspeeds,  the  lateral  input 
was  in  the  opposite  direction  to  that  of  the  directional  input 
(tigs.  >4  and  55).  This  variation  in  direction  of  lateral  input 
can  re  detected  in  the  directional  controllability  results  as  a 
difference  in  the  aagnitude  of  control  power  and  control  response. 
Lateral  inputs  in  the  same  direction  as  directional  inputs  tended 
to  generate  greater  control  effectiveness.  This  difference  was 
net  noticeable  to  the  pilot.  During  precision  hovering  and  low 
speed  tasks,  the  pi  iot  was  able  to  obtain  and  maintain  yaw 

attitude  (r3  degrees)  with  minimal  pilot  ccanensation  (HORS 

3).  The  directional  controllability  characteristics  aet  the 
requirements  of  paragraphs  !fl.3.4.i.*  and  10.3.4.2.5  o?  the  FIDS 
and  are  satisfactory. 
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Low  Speed  Flight  Characteristics 

35.  The  low  speed  flight  characteristics  of  the  UH-60A  were 
evaluated  at  the  conditions  in  table  1  to  determine  control 
margins  and  handling  qualities.  Testing  was  perfonaed  at  speeds 
up  to  approximately  35  KT4S  in  rearward  and  right  sideward  flight 
utilizing  a  ground  pace  vehicle  as  a  speed  reference.  The  heli¬ 
copter  was  flown  in-ground  effect  at  a  wheel  height  of  approxi¬ 
mately  25  feet.  The  low  speed  flight  test  data  are  presented  in 
figures  56  and  57,  appendix  E. 

36.  The  variation  of  lateral  cyclic  control  position  during  right 
sideward  flight  was  conventional  (increasing  right  lateral  cyclic 
control  with  increasing  right  sideward  airspeed).  As  the  right 
sideward  flight  speed  was  increased,  more  forward  longitudinal 
cyclic  control  was  required.  There  was  a  total  change  of 
1.5  inches  of  longitudinal  cyclic  control  over  the  speed  range 
tei.ted.  Adequate  margins  remained  for  all  flight  controls. 
Flight  control  trends  were  nearly  linear  and  only  minima!  pilot 
compensation  was  required  to  maintain  heading  within  +1  degree. 
The  low  speed  flight  characteristics  in  right  sideward  flight 
remained  essentially  unchanged  f ron  previous  evaluations  and  are 


37.  During  rearward  flight,  the  DH-60A  exhibited  a  slightly 
positive  control  position  gradient  (increasing  aft  longitudinal 
cyclic  control  with  increasing  rearward  airspeed).  This  shallow 
gradient,  which  resulted  in  limited  flight  control  position  and 
force  cues,  did  not  adversely  effect  the  pilot’s  ability  to 
control  the  helicopter  because  of  adequate  outside  visual  cues. 
As  rearward  airspeed  increased,  lateral  cyclic  control  changes  of 
nearly  2  inches  were  required.  Adequate  control  margins  regained 
in  all  flight  controls,  however,  density  altitude  was  only 
2180  feet.  The  low  speed  flight  characteristics  in  rearward 
•light  remained  essentially  unchanged  from  previous  evaluations 
and  are  satisfactory. 

Aircraft  Svstea  Failure 

38.  Aircraft  system  failures  were  investigated  at  the  conditions 
in  table  i.  Siraiiacec  failures  of  the  So.  1  engine  and  simulated 
hardovers  of  the  So.  1  and  So.  2  SAS,  Flight  Path  Stabilization 
(FPS),  PSA,  and  stabilator  systems  were  conducted. 

Simulated  Engine  Failures: 

39.  Sudden  single  engine  failure  from  dual  engine  flight  was 
simulated  by  rapidly  retarding  the  So.  i  engine  power  control 
lever  to  the  Idle  stop.  The  aircraft  response  was  evaluated 
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during  level  flight  at  lightweight/aft  eg  (approxieately 
16,300  lb/365.6  inches)  at  airspeeds  of  75  and  143  KCAS.  Flight 
controls  were  held  fixed  following  the  power  ioss  for  approxi— 
aately  2  seconds  or  until  excessive  aircraft  angular  rates  were 
reached.  Representative  time  histories  of  simulated  single 
engine  failures  are  presented  in  figures  58  and  59,  appendix  E. 

40.  Aircraft  response  to  a  sudden  single— engine  failure  froa 
stabilized  dual-engine  level  flight  was  slid.  At  143  KCAS 
(fig.  58,  app  E)  the  priaary  reaction  of  the  aircraft  was  a 
4  degree  left  yaw,  a  5  degree  left  roll,  and  a  very  slight  nose- 
down  pitch.  The  priaary  cockpit  indications  of  a  single-engine 
failure  were  reduction  of  power  turbine  speed  into  the  red  zone, 
reduction  of  torque,  and  rotor  droop  below  95  percent  rpn  activat¬ 
ing  the  aural  warning  systea.  At  this  airspeed,  pilot  cues  were 
adequate  for  tiaely  corrective  action.  No  unusual  or  rapid 
control  application  was  necessary  except  an  8  percent  reduction 
in  collective  was  required  after  rotor  speed  decayed  below  the 
warning  lioit  value  of  95  percent.  The  aircraft  reaction  at 
75  KCAS  (fig.  59)  was  a  slight  perturhation  in  pitch,  roll,  yaw, 
and  rotor  speed  with  no  collective  reduction  required.  At  lower 
airspeed/power  settings,  the  response  cues  were  very  si Id  and  the 
engine  out  aural  warning  systea  (activated  at  55  percent  engine 
gas  generator  speed)  would  be  the  najor  cue  of  engine  failure. 
The  single-engine  failure  characteristics  f  roe  dual-engine 
flight  are  satisfactory. 

Automatic  Flight  Control  Systea  Failures: 

41.  Single  axis  SAS  hard  overs  in  all  axes  and  nose-up  PBA  hard- 
overs  were  conducted  in  forward  flight  at  75  and  145  knots  indica¬ 
ted  airspeed  (KIAS)  on  the  ship  airspeed  systea  at  light  weight/ 
aft  eg.  So.  1  and  Ho.  2  SAS  hardovers  in  ail  three  axes  resuited 
in  ai  id  attitude  changes  which  were  easily  cospeasated  for  by 
the  pilot.  Hardcver  failure  in  the  longitudinal  axis  resulted 
in  a  ssaxi aua  pitch  attitude  change  of  15  degrees  nose-up  in 
approximately  5  seconds  at  145  KIAS.  In  the  roll  axis,  SAS 
hardovers  resulted  in  saxiaun  roll  rates  of  approximately  5 
degrees/second  generating  stabilized  bank  angles  of  10  to  15 
degrees.  Directional  hardovers  caused  heading  changes  of  2  degrees 
(at  75  KIAS)  to  4  degrees  (at  145  KIAS).  Ho  perceivable  differ¬ 
ences  in  handling  characteristics  were  noted  between  failures 
of  the  Ho.  I  and  Ho.  2  SAS  systems.  Hose— up  failure  o?  the  PBA 
resulted  in  iliunination  of  the  PITCH  BIAS  FAIL  caution  sight  in 
conjunction  with  a  very  aild  pitch  attitude  change  of  approxirsate- 
1>*  >  degrees.  The  single  axis  hardover  characteristics  of  the 
SAS  and  PBA  systeas  aet  the  requirements  of  the  FIDS  and  are 
satisfactory. 
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42.  The  FPS  system  failures  Were  evaluated  at  75  and  145  KIAS  in 
level  flight  by  switching  off  the  FPS  switch  on  the-  AFC'S  panel. 
In  addition,,  the  FFS:  system  was  evaluated  in  conjunction  with 
other  nandiing  qualities  tests.  The  disengagement  of  the  FPS 
switch  Resulted  in  illumination  of  the  KASTcR  CftllTIOH,  FLT  PATH 
STAB,  and  TRIM  FAIL  caution  lights  in  addition  to  loss  of  attitude 
and  airspeed  hold  functions.  Ho  unusual  attitude  change  or  rate 
buildup  occurred  subsequent  to  FPS  failure  and  aet  the  requirement 
of  the  PIDS.  However,  during  controllability  tests  it  was  noted 
that  forward  longitudinal  inputs  greater  than  1/2  inch  consistent¬ 
ly  caused  failure  of  the  FPS  system  which  required  resetting  the 
HASTES  CAUTIOH,  FPS,  and  TRIM  switches.  This  characteristic 
would  cause  failure  of  the  FPS  systea  during  nap— of— the— earth 
and  maneuvering  flight  and:  is  an  annoying  distraction  which  will 
increase  crew  workload.  The  consistent  failure  of  the  FPS  during 
forward  longitudinal  inputs  greater  than  1/2  inch  is  a  short¬ 
coming.  The  above  shortcosing  appears  sisilar  to  the  shortcoming 
previously  reported  in  USAAEFA  Report  Ko.  77-17  (ref  10,  app  A). 

43.  Stabilator  TE  up  (TEUP)  hardover  failures  were  tested  fh 
level  flight  at  75  and  145  KIAS.  The  failure  was  conducted 
through  the  hardover  box  installed  in  the  AFCS  system  and  resulted 
in  the  stabilator  moving  nearly  5  degrees  TEUP  within  2  seconds. 
Following  the  hardover,  an  attempt  was  made  to  hold  controls 
fixed.  A  representative  time  history  is  presented  in  figure  60, 
appendix  E.  At  145  XIAS,  stabilator  TEUP  hardover  failures 
resulted  in  a  moderate  aose-up  pitch  of  approximately  10  degrees 
from  trim  with  a  maximum  nose-up  pitch  rate  of  about  3  degrees/ 
second.  Ten  seconds  after  the  failure  was  initialed,  airspeed 
decayed  approximately  12  knots  and  the  aircraft  gained  200  ft  in 
altitude.  At  70  KIAS,  the  aircraft  reaction  was  slightly  more 
mild.  The  relatively  isild  reactions  of  the  aircraft  within  the 
airspeed  range  tested  to  a  TEUP  stabilator  hardover  would  be 
easily  recognized  by  the  pilot  and  require  minimal  compensation 
to  maintain  desired  airspeed  and  altitude  (H$RS  3).  The  stabilator 
TEUP  hardover  characteristics  are  satisfactory. 


VIBRATIOK  CHARACTERISTICS 

44.  Vibration  characteristics  were  qualitatively  evaluated 
throughout  the  test  program  ana  quantitatively  evaluated  at  the 
conditions  listed  in  table  i*  Vibration  accelerometers  were 
installed  at  the  aircraft  eg,  the  pilot's  seat,  and  the  pilot’s 
floor  <aan  C).  Main  rotor  harmonics  of  1/rev,  4/rev  and  8/rcv 
ate  presented  in  figures  61  through  72,  appendix  E. 

45.  The  1/rev  vibratory  accelerations  were  similar  at  all  the 
stations  and  all  axes.  Xeither  change  in  gross  weight  nor  eg 


location  changed  the  amplitude  of  Che  1/rev  vibratory  accelera¬ 
tions  significantly-  The  highest  1/rev  vibratory  accelerations 
(.02  Co  .03  g's)  were  .generally  observed  ia  the  vertical  ahd 
Lateral  axes.  The  1/rev  vibration  characteristics  met  the  Pi.D 
requireaents  ahd  are  satisfactory, 

46.  The  4/rev  lateral;  vibratory  accelerations  Measured  at  the 
pilot  seat  were  highest  (approximately- 9^2  to  0.4  g)  at  airspeeds 
iess  than  £0  KCAS  if.  the  aft  eg  configurations.  The  iateraL 
4/rev  vibratory  accelerations  Measured  at  the  pilot :s  floor 
increased  in  at  ylitude  (approximately  0.15  to  0.30  g)  as  did  the 
pilot  seat  at  similar  test  conditions.  The  4/rev  vibration 
characteristics  appeared  independent  of  change  in  gross  weight. 
Roth  the  pilot’s  seat  end  floor  lateral  vibration  characteristics 
failed  to  meet  the  requirements  of  paragraph  3.2.1 . 1 .3.1 .4  of 
the  PtDS  in  that  the  amplitudes  were  greater  than  0.15  g.  General¬ 
ly,  the  4/rev  vibratory  accelerations measured  at  the  floor  near 
the  aircraft  eg  uere  lower  than  those  measured:  at  the  other  two 
locations.  The  highest  amplitudes  (approximately  0.15  to  0.30  g) 
were  usually  at  airspeeds  hear  45  KCAS  in  the  vertical  and  Longi¬ 
tudinal  axes.  The  vertical  and  longitudinal  eg  vibration  charac¬ 
teristics  failed  to  meet  the  requirements  of  paragraph.  3.2. 1.1. 
3.1.4  hf  the  PI3S  ia  that  the  amplitudes  were  greater  than 
0.15  g*s  at  45  KCAS.  The  4/rev  vibration  characteristics  were 
aggravated  by  aft  movement  of  the  eg.  The  excessive  4/rev  vibra¬ 
tions  remain  a  shortcoming  that  should-  have  z  high  priority  for 
correction  and  have  been  documented  in  several  previous  USAAEFA 
reports. 

4J.  The  8/rev  vibratory  accelerations’  were  generally  independent 
of  changes  i:«  gross  weight  and  eg.  The  pilot  seat  8/rev  vibratory 
characteristics  yere  increased  in  amplitude  when  compared  to  the 
other  two  floor  locations,  especially  in  the  lateral  axis. 
Amplitudes  up  to  0.34  g,  the  specification  limit,  were  measured 
in  the  lateral  axis  at  45  KCAS.  The  S/rev  vibration  characteri- 
sticif  net  the  PID3  requirements  and  are  satisfactory. 


AIRSPEED  CALIBRATION' 

48.  The  standard  ship  airspeed  system  incorporated  changes 
developed  during  USAAEFA  Project  No.  82-09  (ref  3,  app  A)  and  is 
similar  to  the  current  production  system.  Calibrations  generated 
during  USAAEFA  Project  No.  82-09  were  verified  through  use  of  a 
calibrated  T-28  pace  aircraft  and  a  calibrated  trailing  bomb,  and 
subsequently  used  as  basis  in  this  evaluation.  A  normalized 
curve  of  tee  forward  and  aft  eg  calibrations  depicting  chip 
airspeed  system  position  error  ih  level  flight  was  generated  and 
is  presented  in  fieiire  73,  appendix  E. 


CONCLUSIONS 

GENERAL 

49.  Based  oa  this  evaluation,  the  following  conclusions  were 
reached  about  the  expanded  gross  Weight  and  center  of  gravity  (cg): 
envelope  of  the  UH-60A  in  the  normal  utility  configuration.. 

a.  Equivalent  flat  plate  area  was  minimum  with  the  eg  at 
fuselage  station  'FS)  of  approximately  360  and  increased  at  a 
more  forward  and  aft  eg  tested  (FS  347.1  and  i*  * .7). 

b.  Geaefallyi  4-per-rotor-revolution  (4/rev)  vibration 
characteristics  were  unaffected  by  increasing  gross  weight  but 
were  aggravated  by  moving  the  longitudinal  eg  aft. 

c.  One  deficiency,  three  shortcomings  and  three  specification 
noncompliances  were  noted *  of  which,  one  shortcoming  was  associ¬ 
ated  With  envelope  expansion,  and  one  previously  noted  shortcoming 
was  made  worse  due  to  envelope  expansion. 

d.  Except  for  the  shortcoming  pertaining  to  neutral  stick- 
fixed  longitudinal  stability  in  intermediate  rated  power  (IRP) 
climb,  the  handling  qualities  were  essentially  unchanged  from 
those  previously  reported. 

DEFICIENCY 

50.  Tha  uncoamanded  directional  control  input  in  triaoed  forward 
flight  is  a  deficiency,  unrelated  to  the  expanded  gre^s  weight 
and  eg  envelope,  that  was  identified  during  a  previous  evaluation 
aad  still  exists  (para  12). 

SH0RTC3£T\GS 

51.  The  following  shortcomings  were  identified  and  are  listed  in 
decreasing  order  of  importance. 

a.  The  excessive  4/rev  vibrations  during  certain  flight 
conditions  (para  46>.*  # 

b.  The  neutral  stick-fixed  static  longitudinal  stability  in 
s  light  gross  weight  and  aft  eg  configuration  at  IRP  in  clinb 
(oara  15).  # 

♦Reported  during  previous  evaluation 
fAssociated  with  envelope  expansion 


c.  The  consistent  failure  of  the  flight  path  stabilization 
systea  during  longitudinal  inputs  greater  than  1/2  inch 
(para  42).* 

SPECIFICATION  NOXCOHPLIAXCES 

52i  The  UH-60A  helicopter  failed  to  Beet  the  following  require- 
nents  of  the  PIDS. 

a-  Paragraph  3.2. 1.1.3. 1.4  —  The  4/rev  vibration  levels 
during  certain  flight  conditions  exceeded  the  requirements  of  this 
paragraph  (para  46).* 

h.  Paragraph  10.3.3.1 .3  —  The  longitudinal  static  stability, 
is  neutral  ^instead  of  positive  at  144  :KCAS  in  level,  flight  and 
in  IRP  dishs  at  light  gross  weight  and  aft  eg  (paras  14  and  15).# 

c.  Paragraph  10.3.3.1.4  -  The  saneuvering  stability  is  not 
positive  stick-fixed  or  stick-free  at  all  bank  angles  during 
steady  turning  flight  (para  25).* 


♦Reported  during  previous  evaluation 
fAssociated  with  envelope  expansion 


RECOMMENDATION 


53-  The  deficiency  and  shortcomings  reported  in  paragraphs  50  and 
.51 should  be  corrected- 


APPENDIX  A.  REFERENCES 


1.  better,  AVRADCOM,  DRDAV-D,  6  October  1981,  subject:  UH-60A 
Expanded  Gross  Weight  and  Center  of  Gravity  Evaluation,  USAAEFA 
Project  Ho.  81-16. 

2.  Prise  Ites  Development  Specification,  Sikorsky  Aircraft 
Division,  DARCOX-CP~2222^-52000D  Part  1,  15  October  1979. 

3-  Final  Report,  CSAAEFA  Project  Ho.  82-09,  ''relixinary 
Airworthiness  Evaluation  of  the  U5-6Q.4  with.  an  Improved  Airspeed 
Systex,  April  1953. 

4-  Tecl.nlcal  Manual,  THS 5— 1520-237-10,  Operator’s  Hsitual,  UH-60A 
Helicopter,  Headquarters,  Dipartaenc  of  the  Arxy,  21  May  1979. 
with  change  21  dated  12  August  1983. 

5-  Letter,  AV3ADC0M,  DRPAV-L  fane  1983,  subject:  Airworthiness 
Release  for  U3-60>,  Black  Cask  Helicopter,  S/S  77-22716,  to  Conduct 
Expanded  Gross  Weight  and  Center  of  Gravity  Testing,  USAAEFA 
?  *ojeet  So.  81-16- 

6.  Letter,  USAAEFA,  DAV7E-TB,  25  March  1982,  subject:  Test  Plan, 
UH-60A  Expanded  Gross  Weight  and  Center  of  Gravity  Evaluation, 
CSAAEFA  Project  No.  81-16- 

7.  Engineering  Design  Handbook,  A  ray  Materiel  Cocnand,  AHC 
Fanphlet  706-294,  Helicopter  performance  Testing,  2  August  1974. 

3.  Flight  Test  Manual,  Naval  Air  Test  Center,  F7M  Ho-  101, 
Stability  and  Control ,  10  June  1968- 

9-  Final  Report,  USAAEFA  Project  No-  83-24,  Airworthiness  and 
Plight  Characteristics  Test  of  a  Sixth  Tear  Production  US-50  A, 
June  1985  (unpublished). 

tO.  Final  Report,  CSAAEFA  Project  Nc-  77-17,  Airworthiness  and 
Plight  Characteristics  Evaluation  UB-SOA  (Slack  Hack)  Helicopter , 
September  1981. 

11.  Letter,  USAAEFA  Project  No-  7S-22,  26  April  1579,  subject: 
Preliminary  Airworthiness  Evaluation  (PAE  III,  UH-69A  Black  Hawk 
Helicopter) - 

12-  Final  Report,  CSAAEFA  Project  No.  32-15,  Airworthiness  and 
Flight  Characteristics  Test  of  the  UH-50A  Configured  isita  the 
prototype  External  Stores  Support  Systex  (SSSS),  December  19£3. 

13-  Flight  Information  Publication.  Defense  Mapping  Agency 
Aerospace  Center,  Flight  Information  Handbook,  4  July  1984. 

23 


APPENDIX  B.  AIRCRAFT  DESCRIPTION 


GENERAL 


1 .  The  Sikorsky  UH-60A  (Black  Hawk)  is  a  twin  turbine  engine, 
single  sain  rotor  helicopter  capable  of  transporting  11  combat 
troops  plus  a  crew  of  three.  It  is  equipped  with  3  nonretract- 
able  conventional  wheel-type  landing  gear.  A  movable  horizontal 
stabilator  is  located  on  the  lower  portion  of  the  tail  rotor 
pylon.  The  main  and  tail  rotors  are  both  four-bladed  with  a 
capability  of  manual  sain  rotor  blade  and  tail  pylon  folding. 
The  cross-bean  tail  rotor  with  composite  blades  is  attached  to 
the  right  side  of  eke  pylon  and  is  canted  20  degrees  upward  from 
the  horizontal-  A  complete  description  of  the  aircraft  is 
contained  in  the  operator's  manual  (ref  4,  app  A)  and  the  aircraft 
general  information  manual  (ref  14).  The  proposed  expansion  of 
the  gross  weight  and  center  of  gravity  envelope  is  shown  in 
figure  1- 
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2.  The  primary  power  plants  for  the  CH— 6GA  helicopter  are  General 
Electric  T700-GE-7C0  front  drive  torhoshaft  engines,  each  rated  at 
1553  shaft  horsepower  (SHP)  (30  Canute  limit)  at  a  power  turbine 
speed  of  20,500  revolutions  per  minute  (rpa )  (sea  level,  standard 
day  installed).  The  engines  are  mounted  in  nacelles  on  either 
side  of  the  main  transmission.  Each  engine  has  four  nodules: 
cold  section,  hot  section,  power  turbine  section,  and  accessory 
section.  Design  features  include  an  axial-centrifugal  flow  com¬ 
pressor,  a  through-flow  combustor,  a  two-stage  uncooled  high  pres¬ 
sure  gas  generator  turbine,  a  two-stage  uncocled  power  turbine, 
and  seif  contained  lubrication  and  electrical  systems.  Pertinent 
engine  data  are  shown  below. 


Kodel 

Type 

Rated  power 


Compressor 

Combustion  chamber 

Gas  generator  stages 
Power  turbine  stages 
Direction  of  engine 
rotation  (aft  looking  fvd) 
Weight  (dry) 

Length 

Mariais  diameter 
Fuel 


T70G-GE— 700 
Turboshaft 

1553  SH?  installed  at  sea  level, 
standard— day  static  conditions 
at  20,900  rpm 

Five  axial  stages,  1  centrifugal 
stage 

Single  annular  chamber  with  axial 
flow 

2 

2 

Clockwise 
415  pounds  max 
47  in- 
25  in- 

MIL-T-5624  grade  JP-4  or  JP-5 
25 
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BASIC  AIRCRAFT  INFORMATION 

3 .  General  daca  of  the  UH-60A  helicopter  are  as  follows: 
Gross  Weight 

20.250  pounds 

Approximately  10.620  pounds 
16,260  pounds 
360  gallons 


Maxima  alternate  gross  weight* 
Empty  weight 

Primary  Mission  gross  weight 
Fuel  capacity  (measured) 


*See  figure  1  for  current  and  proposed  gross  weight  and  center 
of  gravity  information 

Main  Rotor 


Number  of  blades 

Diaseter 

Blade  chord 

Slade  twist 

Blade  tip  sweep 

Blade  area  (one  blade) 

Airfoil 

section  (root  to  tip  designation) 
thickness  (percent  chord) 

Main  rotor  mast  tilt  (forward) 

Tail  Rotor 

Number  of  blades 

Diaceter 

Slade  chord 

Blade  twist  (equivalent  linear) 
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52  It,  8  in- 
1.73/1-75  ft 
-18  deg  (equivalec 
20  deg  aft 
46.7  sq  ft 

SC1095/SC1095R8 
9.5  percent 

3  deg 

4 

il  ft 
0.81  ft 
-18  deg 


Blade  area  (one  blade) 


4. 46  sq  ft 


ft 


Airfoil 

section  (root  to  tip  designation)  SC1095/SC1095R8 


thickness  (percent  chord) 
Cant  angle 
Gear  Ratios 


Main  Transmission 

Input  RPH 

Input  bevel 

20,900-0 

Main  bevel 

5747.5 

Planetary 

1206-3 

Tail  takeoff 

1206-3 

Accessory  bevel 

(generator) 

5747.5 

Accessory  spur 

(hydraulics) 

11,805.7 

Intermediate 

Gearbox 

4115.5 

Tail  Gearbox 

3318.9 

Overall 

Engine  to  sain  20,500-0 

rotor 

Engine  to  tail  20,900.0 

rotor 

Tail  rotor  to  1189.8 

main  rotor 


9.5  percent 
2C  deg 


Output  RIM 

Ratio 

(Teeth) 

5747.5 

3-6364 

(80/22) 

1206.3 

4-7647 

(81/17) 

257.9 

4.6774 

(228  +  62) 
62 

4115.5 

0.2931 

(34/116) 

11,805.7 

0.4868 

(37/75) 

7186.1 

1.6429 

(92/56) 

3318.9 

1.2400 

(31/25) 

1189.8 

2.7895 

(53/19) 

257.9 

81.0419 

1189.8 

17.5658 

257.9 

4.6136 

AIRSPEED/ STABILATOR  MODIFICATIONS 

4.  The  airspeed/stabilator  systc a  on  the  test  aircraft  included 
five  codifications  froa  the  original  production  aircraft  in  an 
attempt  to  eliminate  pitch  oscillations  during  takeoff,  iaprove 
clisb  handling  qualities,  and  reduce  large  position  error  during 
various  airspeed  regimes.  Three  changes  were  incorporated  in  the 
pitot-static  pressure  systems  and  two  changes  were  electrical 
circuit  codifications  to  the  stabilatcr  amplifiers  in  the  stabil- 
ator  svstea.  Major  features  of  this  system  are  described  In 
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detail  In  the  Prellainary  Airworthiness  Evaluation  of  UH-6GA  with 
an  Improved  Airspeed  Systea,  USAAEFA  Report  No.  82-€9»  (ref  3, 
app  A). 


*'  t. 
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appendix  c.  instrumentation 


GENERAL 

1.  The  test  instritaeiltation  was  Installed,  calibrated  and  aain- 
cained  by  the  US  Arsy  Aviation  Engineering  Flight  Activity  person-* 
nel.  A  test  airspeed  boon  with  swiveling  pitot-static  head 
connected  to  an  airspeed  indicator  and  altiseter  were  installed 
at  the  nose  of  the  aircraft.  Eouipsent  required  only  for  specific 
tests  was  installed  when  needed  and  is  discussed  in  the  section 
cn  special  equipment.  Data  was  obtained  froa  calibrated  instrumen¬ 
tation  ana  displayed  or  recorded  as  indicated  below. 

Pilot  Position 

Airspeed  (boos  systea) 

Altitude  (booa  systea) 

Altitude  (radar-deal  range)* 

Rate  of  cliab* 

Rotor  speed  (sensitive) 

Engine  torque*  ** 

Turbine  gas  temperature  {T.4^5)*  ** 

Engine  gas  generator  speed  *  ** 

Control  positions 
Longitudinal 
Lateral 
Pedal 

Collective 
Stabilator  position 
Angie  of  sideslip 

Center  of  gravity  normal  acceleration 

Sensitive  bank  angle  (center  of  gravity  lateral  acceleration) 
Event  switch 

Copiiot/Engineer  Station 

Airspeed  (ship’s  systea) 

Altitude  (ship’s  systea) 

Rotor  speed* 

Engine  torque*  ** 

Total  air  tenperature 
Fuel  used  (totalizer) 
ballast  cart  position 


♦Ship’s  system/not  calibrated 
**3oth  engines 
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Tlae  code  display 
Run  nusber 
Event  switch 

Digital  (PCM)  Data  Parameters 


Airspeed  (ship's  systea) 

Airspeed  (boca  systes) 

Altitude  (booa  system) 

Altitude  (ship's  systea) 

Altitude  (radar) 

Total  air  temperature 
Rotor  speed 
Engine  torque** 

Turbine  gas  teaperatures  (T4.5)** 

Engine  gas  generator  speed** 

Engine  power  turbine  speed** 

Engine  fuel  flow** 

Engine  fuel  used** 

Engine  fuel  teaperature  (at  fuel  used  transducer)** 

Auxiliary  Power  Unit  (APU)  fuel  used 

APU  fuel  teaperature  (at  fuel  used  transducer) 

Main  rotor  shaft  torque  (3) 

Main  rotor  shaft  bending  -2) 

Tail  rotor  shaft  torque 
Tail  rotor  impress  pitch 
Stabilator  position 
Ballast  cart  position 
Control  positions 
Longitudinal 
Lateral 
Pedal 
Collective 

Power  available  spindle  position** 

Stability  augmentation  systea  output  position 
Longitudinal 
Lateral 
Directional 

Control  nixer  input  position 
Longitudinal 
Lateral 
Directional 
Angle  of  attack 
Angle  of  sideslip 


**Both  engines 
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Aircraft  attitude 
Pitch 
Roll 
Yaw 

Aircraft  angular  rate 
Fitch 
Roll 
Yaw 

Linear  acceleration 

Center  of  gravity  normal 
Center  of  gravity  lateral 
Center  ef  gravity  longitudinal 
Ti*»e  of  day 
Run  number 
Data  status  words 
Pilot  event 
Engineer  event 

Analog  (FM)  Data  Paraaeters 

Vibration 

Pilot  seat  vertical 
Pilot  seat  lateral 
Pilot  seat  longitudinal 
Center  cf  gravity  vertical 
Center  cf  gravity  lateral 
Center  of  gravity  longitudinal 
Pilot  floor  vertical 
Pilot  floor  lateral 
Loads 

Main  rotor  longitudinal  star  load 
2.  Provision  was  made  for  releeetry  transmission  of  parameters. 


AIRSPEED  CALIBRATION' 

3.  The  standard  ship  airspeed  system  and  test  bona  airspeed 
system  were  calibrated  previously  during  USAAEPA  Project  Ko-  82- 
09  (ref  3,  app  A)  in  level  flight,  diab,  and  autorotation-  A 
check  of  these  calibrations  was  perforaed  utilizing  a  calibrated 
T-28  pace  aircraft  and  a  calibrated  trailing  bomb  (finned  pitot- 
static  system).  The  resultant  curves  depicting  position  error  of 
the  boon  airspeed  system  are  presented  in  figures  1  and  2- 


SPECIAL  EQUIPMENT 


Control  Fixtures 


4.  Cyclic  and  pedal  mechanical  fixtures  vere  utilized  at  the 
copilot  station  to  obtain  a  desired  control  input  size  about  the 
longitudinal,  lateral,  and  directional  axes  at  the  pilot  station. 

Ground  Pace  Vehicle 


5.  A  vehicle  utilizing  a  calibrated  fifth  wheel  to  determine 
accurate  ground  speed  was  used  in  conjunction  with  wind  speed  and 
direction  to  provide  a  precise  airspeed  reference  for  the  test 
aircraft  during  low  speed  tests. 

Weather  Station 


6.  A  portable  weather  station,  consisting  of  an  anemometer, 
sensitive  temperature  gage,  and  barometer,  was  used  to  record 
wind  speed,  wind  direction,  ambient  temperature,  and  pressure 
altitude  during  low  speed  tests. 


APPENDIX  D.  TEST  TECHNIQUES  AND  DATA  ANALYSIS  METHODS 


GENERAL 

1.  Perforsance  data  were  obtained  using  the  basic  scthods 
described  in  Artsy  Materiel  Coasand  Paephlet  AMCP  706-204  (re?  7, 
app  A).  Performance  testing  wa«  '-end-.;'' ted  in  coordinated  (ball- 
centered)  flight-  Handling  qualities  data  were  evaluated  using 
standard  test  methods  described  in  Kaval  Air  Test  Center  Flight 
Test  Manual  FTM  No.  101  (ref  8). 


AIRCRAFT  RIGGING 

2-  A  flight  controls  engineering  rigging  check  was  performed  cn 
the  main  and  tail  rotors  to  insure  conpxiance  with  established 
Halts  and  representative  handling  qualities  information-  The 
stabilator  control  system  was  adjusted  to  .'onfore  as  close  as 
possible  to  the  modified  production  schedule  to  prevent  improper 
drag  characteristics  affecting  level  flight  pcrforcance- 


AIRCRAFT  WEIGHT  AND  BALANCE 

3-  The  aircraft  was  weighed  in  the  instrumented  configuration 
with  full  oil  and  all  fuel  drained  prior  to  the  start  of  the 
program-  The  initial  weight  of  the  aircraft  was  11,989  pounds 
with  the  longitudinal  center  of  gravity  (eg)  located  at  FS  3>l-9 
with  the  eg  of  the  empty  ballast  cart  located  at  FS  391 .  In 
addition,  the  aircraft  was  weighed  when  configured  for  a  test 
condition  outside  the  then  existing  flight  envelope.  The  fuel 
ceils  and  an  external  sight  gage  were  also  calibrated-  The 
aeasured  fuel  capacity  using  the  gravity  fueling  method  was 
360  gallons-  The  fuel  weight  for  each  test  flight  was  determined 
prior  to  engine  start  sad  after  engine  shutdown  by  using  the 
external  sight  gage  to  determine  the  volume  and  measuring  the 
specific  gravity  of  the  fuel-  The  calibrated  cockpit  fuel 
totalizer  indicator  was  used  during  the  test  and  at  the  end  of 
each  test  was  cospared  with  the  sight  gage  readings-  Aircraft  eg 
was  controlled  by  a  moveable  ballast  system  which  was  manually 
positioned  to  maintain  a  constant  eg  while  fuel  was  burned-  The 
moveable  ballast  system  was  a  cart  (2000-pound  capacity)  attached 
to  the  cabin  floor  by  rails  and  driven  by  an  electric  screw  jack 
with  a  total  longitudinal  travel  of  72-3  inches- 


PERFORKANCE 


4.  Helicopter  perforsance  was  generalized  through  the  use  of  non- 
dicensional  coefficients  as  follows  using  the  IS&fi  SIS  Standard 
Atmosphere: 
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Coefficient  of  Power  iCp): 


SB?  (550) 

Cp  =  _  (1) 

PA(SX)3 

b.  Coefficient  of  Thrust  (C-j-) : 

GW 

CT  = _ _  (2) 

Pfi<23>2 

c.  Advance  Ratio  (u): 

?x  ('1.6878J 

u  = _  (3) 

G  R 
re: 

SHP  =  Engine  output  shaft  horsepower  (both) 
p  =  Asbieat  air  density  (lb-sec2/f t^) 

A  ~  Ha in  rotor  disc  area  =  2262  ft~ 

8  =  Main  rotor  angular  velocity  (radians/sec) 

R  =  Main  rotor  radius  =  26.833  ft 
GV  =  Gross  weight  (ib) 

Vc 

Vx  =  True  airspeed  (kt)  =  _ 

l.o87S/p/p0 

1.6878  =  Conversion  factor  (ft/sec-kt) 

P0  =  0.0023769  (lb-sec“/ft'*) 

Vg  =  Equivalent  airspeed  (ft/sec)  = 


i  JOOGOefiXt\ 


‘■XJ 


70.7262  =  Conversion  factor  (lb/f t2-in.-Hg) 

Qc  =  Dynamic  pressure  (in.-Hg) 

?a  =  Aabient  air  pressure  (in.-Hg) 

1002  rotor  speed  =  257.9  revolutions  per  minute  (rpn) 

£R  =  724.69 

(OR)2  =  525,168.15 

(OO3  =  380,581,411.2 

5.  The  engine  output  shaft  torque  was  deternined  by  use  of  the 
engine  torque  sensor.  The  power  turbine  shaft  contains  a  torque 
sensor  tube  that  mechanically  displays  the  total  twist  of  the 
shaft-  A  concentric  reference  shaft  is  secured  by  a  pin  at  the 
front  end  of  the  power  turbine  drive  shaft  and  is  free  to  rotate 
relative  to  the  power  turbine  drive  shaft  at  the  rear  end.  The 
relative  rotation  is  due  to  transaitted  torque,  and  the  resulting 
phase  angle  between  the  reference  teeth  on  the  two  shafts  is 
picked  up  by  the  torque  sensor.  The  torque  seasor  on  both  engines 
was  calibrated  in  a  test  cell  by  the  engine  manufacturer-  The  out¬ 
put  froa  the  engine  sensor  was  recorded  on  the  on-board  data 
recording  system-  The  output  SHP  was  determined  froa  the  engine’s 
output  shaft  torque  and  rotational  speed  by  the  following 
equation. 


SHP  = 


Q(Np) 


5252.113 


Where: 

Q  =  Engine  output  shaft  torque  (ft- lb) 

Sp  =  Engine  output  shaft  rotational  speed  (rps) 

5252.113  =  Conversion  factor  (ft-lb-rev/ain-SHP) 

The  output  SH?  required  was  assumed  to  include  13  horsepower  for 
daylight  operations  of  the  aircraft  electrical  system,  but  was 
corrected  for  the  effects  of  test  instrumentation  installation-  A 
power  loss  of  1.32  horsepower  was  determined  for  electrical 
operation  of  the  instrumentation.  Reductions  in  power  required 
were  made  for  the  effect  of  external  instrumentation  drag-  This 
was  determined  by  the  following  equation. 


Fe  (p/po)(VT)3 

8HPinstr  drag  =  _ 

96254 


(5) 


Where: 

Fe  =  0.833  ft"  (estimated) 

96254  =  Conversion  factor  (ft^-kt^/SKP) 

6.  Each  speed  power  was  flown  in  ball-centered  flight  by  refer¬ 
ence  to  a  sensitive  lateral  accelerometer  at  a  predetermined  Cj- 
and  referred  rotor  speed  (Xp//§).  To  saintain  the  ratio  of 
gross  weight  to  pressure  ratio  constant,  altitude  was  increased 
as  fuel  was  consuaed.  To  saintain  S5//0" constant,  rotor  speed 
was  decreased  as  temperature  decreased.  Power  corrections  for 
rate— of— climb  and  acceleration  were  determined  (when  applicable) 
by  Che  following  equations. 

(R/C^KCtf) 

SHPr/C  =  "  _ 


33.C00(KP) 


S^ACCEL  —  1*6698  x  JO-"* 

Where: 


(VT)  (CW) 


(7) 


R/Cp^  =  Tape Tine  rate  of  climb  (ft/ain)  = 

nip 

_  =  Change  in  pressure  altitude  per 


unit  tine  (ft/ain) 


OATj.  —  Standard  aabient  temperature  at  pressure  altitude 


where 


was  measured  (*C) 


Kp  —  0.76 

1.6098  x  10"^  =  Conversion  factor  (SHP-sec/kt--lb) 


av 

=  Change  in  airspeed  per  unit  tiae  (kt/sec) 


at 

A  power  correction  to  insure  ball— centered  test  data  cosplied  with 
the  inherent  sideslip  fasiiy  of  curves  depicting  the  UH-6GA  in 
figures  16  and  17,  appendix  E,  was  deterained  froa  AFe  as 
a  function  of  sideslip  angle  (fig.  20)  and  equation  5  rewritten 
as  follows. 

SHPs/s  -  (a?e  ia  s/s  -  g_£>  <p/p„>  <vT3) 

_  (8) 

96254 

Where: 

AFe*  in  s/s  =  Change  in  equivalent  flat  plate  area  based  on 
UH-60A  inherent  sideslip. 

aFe*B_c  =  Change  ia  equivalent  flat  plate  area  based  on 
the  sideslip  angle  raeasured  in  ball-centered 
flight. 

*Based  on  change  in  engine  shaft  horsepower. 

Power  required  for  level  flight  at  the  test  day  conditions  was 
deterained  using  the  following  equation. 

SHPC  =  SHP  +  SH?r/c  +  SHPACCEL  +  SH?s/s  -  SHPinsCr  drag  -  1.82  (9) 

7.  Test  day  level  flight  data  was  corrected  to  average  test  day 
conditions  by  the  following  equations. 


(11) 


Where: 

Sr  =  Main  rotor  speed  (rpa) 
subscript  t  =  Test  day 
subscript  s  =  Average  test  day 

Test  data  corrected  for  rate  of  cliab,  acceleration,  instrusenta- 
tion  installation,  and  corrected  to  inherent  sideslip,  standard 
altitude,  and  asbient  teeperature  are  presented  in  figures  4 
through  15,  appendix  E. 

3.  Level  flight  performance  was  determined  by  subtracting  the 
difference  in  power  required  at  Sr/ /if  -  258  rpa  noted  in 
USAAEFA  Report  So.  83-24  (ref  9,  app  A)  between  the  first  and 
sixth  year  production  aircraft  in  their  respective  normal  util¬ 
ity  configurations.  Values  of  Cp  of  the  sixth  year  UH-60A 
were  extracted  froa  the  faaily  of  curves  of  Cp  versus 
Sr//8  for  lines  of  constant  Cp  at  increaents  of  v  (ref  9) 
at  ttie  average  Cp  and  Nr/ZiT  conditions  of  the  flights  conducted 
during  this  evaluation.  Power  required  in  level  flight  was 
obtained  as  Follows. 

Cp  =  CP  -  ACp  (12) 

otn  yr  A/C 


Where: 

AF u3 

5Cp=  _  (13) 

2A 

•J 

A?e  =  5  ft~  (change  in  equivalent  flat  plate  area 

between  the  first  and  sixth  year  normal  utility 
configured  UH-60A  helicopters;  ESSS  fairings 
(2.5  ft2),  H-130  and  AX/ALQ-144(V)  brackets 
(1.5  ft2),  external  drag  differences  (1  ft2)) 
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Results  of  the  sixth  year  production  UH-60A  carpet  plot  converted 
to  a  first  year  at  the  average  Sj>//6"  for  these  tests  and 
extrapolated  to  a  C~  of  0.011007  are  presented  in  figures  1 
through  3,  appendix  E.  Correlation  of  these  curves  with  data 
flown  during  this  evaluation  is  depicted  in  figures  4  through  9- 

9.  Changes  in  the  AFe  due  to  change  in  aircraft  eg  were 
calculated  froa  equation  13  solved  for  AFe-  The  ACp  is 
the  difference  in  Cp  as  derived  from  the  nondinensional  plots  at 
the  normal  utility  forward  eg  configuration  and  the  Cp  for  the  eg 
desired. 


HANDLING  QUALITIES 


10.  Conventional  test  techniques  were  used  during  the  conduct  of 
the  handling  qualities  tests.  All  tests  were  conducted  in  ball- 
centered  flight.  A  brief  description  of  all  test  techniques  are 
presented  in  respective  paragraphs  of  the  Results  and  Discussion 
section  and  detailed  descriptions  are  contained  in  reference  8, 
appendix  A.  The  basis  for  evaluation  was  the  Handling  Qualitites 
Rating  Scale  shown  in  figure  1. 


VIBRATION 


11.  Spectral  plots  of  each  vibration  parameter  were  generated 
depicting  frequencies  versus  single  aaplitude  acceleration  (g). 
The  data  were  analyzed  using  a  frequency  range  of  zero  to  50  Hz 
and  frequency  resolution  of  0-5  Hz-  In  order  to  minimize  random 
variation  in  acceleration  amplitude,  the  data  were  averaged  over 
a  20-second  tine  Interval.  An  analysis  of  the  sain  rotor  funda¬ 
mental  frequency  and  it's  second,  fourth,  and  eighth  harmonics 
was  made-  The  second  harmonic  vibratory  accelerations  were 
insignificant  in  cosparison  to  the  fourth  and  eighth  harmonics 
and,  therefore,  not  presented. 


DEFINITIONS 

12.  Results  were  categorized  as  deficiencies  or  shortcomings  In 
accordance  with  the  following  definitions. 

Deficiency:  A  defect  or  malfunction  discovered  during  the 
life  cycle  of  an  item  of  equipment  that  constitutes  a  safety 
hazard  to  personnel;  will  result  in  serious  damage  to  the  equip¬ 
ment  if  operation  is  continued;  or  indicates  inproper  design  cr 
other  cause  of  failure  of  an  item  or  part,  which  seriously  inpairs 
the  equipment's  operational  capability- 
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Shortcoming:  An  imperfection  or  aalfunctlon  occurring  during 
the  life  cycle  of  equipment,  which  oust  be  reported  and  which 
should  be  corrected  to  increase  efficiency  and  to  render  the 
equipment  completely  serviceable.  It  will  not  cause  an  immediate 
breakdown,  jeopardize  safe  operation,  or  materially  reduce  the 
usability  of  the  sateriel  or  end  product. 
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